Introduction
Dengue fever is casued by the dengue virus [1] . Symptoms begin 3 to 14 days after infection and may include a high fever, headache, vomiting, muscle and joint pains, and a skin rash [1, 2] . Recovery takes 2 to 7 days [1] . Dengue fever can develop into dengue hemorrhagic fever, the symptoms of which are bleeding, low blood platelets level and leakage of blood plasma, and/or dengue shock syndrome where there is low blood pressure that may cause circulatory collapse [1, 2] . The main route of dengue virus transmission is through the bite of female Aedes mosquitoes, mainly A. aegypti and A. albopictus [2] . There are 4 serotypes of dengue virus-1, -2, -3, and -4 [3] . Infection by 1 type of dengue virus does not confer protection against other types. Furthemore infections with another serotype of dengue virus may cause severe complications [1] . Various laborabory testing methods such as detecting antibodies to the virus or its RNA are used for diagnostic confirmation of infection with dengue virus [2] . Infection with zika virus may also be caused by being bitten by a mosquito carrying the zika virus [4] and in most cases infection is asymptomatic, or only causes mild symptoms [4, 5] .
The incubation period is less than 7 days [4] [5] [6] . Death due to zika has not been reported in Europe [7] . Microcephaly [6] . Guillain-Barré syndrome (GBS) is where there are neurological complication associated with zika virus infection of adults and children [7] . The main route of zika virus is mainly by A. aegypti and A. albopictus [6] although zika virus can be transmitted through sexual contact, blood transfusions, and organ transplantation [6] . The test specimens for the presence of the zika virus RNA are blood, urine or saliva obtained from the affected person, and diagnosis using antibodies in the blood can be performed more than a week after symptoms appeared [5] .
As of September 2019, cases of dengue and zika infection in the Republic of Korea were in people who had entered the country from abroad. Korea Centers for Disease Control and Prevention annually reports about 150-300 cases of dengue infection, and about 3-10 cases of zika infection each year [8] .
Korea Centers for Disease Control and Prevention issued several
press releases to inform Korean travelers to Southeast Asia to take measures to prevent zika and dengue viral infection during their travel [9] [10] [11] [12] [13] .
Given the scarcity of the number of cases observed, it is vital to estimate the potential number of individuals infected with dengue or zika virus amongst travelers from the Republic of Korea. The present study aimed to estimate the numbers and the risk of infection of Koreans whilst visiting Asian and Latin American countries. To understand the transmissibility in the Philippines, Indonesia, Thailand, Malaysia, and Vietnam the estimate of the force of infection, i.e., the hazard of infection per year, which was estimated for Japanese travelers by Yuan and Nishiura in 2018 [14] was assumed to be similar to what was expected for Koreans. The force of infection estimates in Philippines, Indonesia, Thailand, Malaysia and Vietnam in 2018 were 0.017, 0.045, 0.017, 0.060 and 0.007 per year, respectively [14] .
Materials and Methods

Epidemiological data
Similarly, the average duration of travel reported for Japanese travelers [14] , was assumed to be comparable estimates for Korean travelers.
Human mobility data
The total number of Korean travelers to each destination country at risk of dengue or zika virus transmission, was retrieved from publicly accessible data. Specifically, outbound travel numbers were retrieved from the World Tourism Organization [15] , including holiday and business travelers.
Mathematical model
Let Ni be the yearly number of travelers to destination i and λ i , and D i be the force of infection and the duration of travel in the destination country i. The expected number of infections is described as: of which only mi cases are observed. Let α i be the probability that an infected individual results in notification of the authorities.
Equation (2) and maximum likelihood method were used to estimate α i for each destination country in Southeast Asia.
Subsequently, the range and median estimates of α i for imputing unascertained infections among travelers returning from Brazil and the Maldives were used. Asymptomatic ratio of dengue and zika virus infections are known to be comparable, estimated at around 80% [16, 17] . Thus, here an important assumption was imposed, such that the country specific α i can be utilized for imputation purposes of zika virus infection.
Given the estimated α, the expected number of cases was assumed to follow a Poisson distribution, i.e.,
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Using equations (3) and (4), along with the travel volume N i , and estimated α i using dengue data, the number of zika virus infections from Brazil and Maldives in 2016 and 2017, respectively, were estimated. The limitation of this study is as follows: Firstly, the present study inherently assumed that all travelers behaved homogeneously, which is not true. Secondly, while the absence of imported and confirmed cases from many other countries did not result in any estimate of the actual number of infections, that may be simply due to ascertainment bias. Thirdly, seasonal forcing (e.g. seasonally varying transmissibility) was not taken into account during the estimation procedure.
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